A. G. Contract No. KR911430TRD

ECS File: JPA-91-77

Project:  HPR-3(018)/R0018 01P

Section! Semi-Arid Precipitation
Frequency Study

INTERGOVERNMENTAL AGREEMENT
BETWEEN
THE STATE OF ARIZONA
AND
THE UNITED STATES DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
NATIONAL WEATHER SERVICE

THIS AGREEMENT is entered into _ < Jerebee , 1991,
pursuant to Arizona Revised Statutes, Sections 11-951 through
11-954, as amended, between the STATE OF ARIZONA, acting by and
through its DEPARTMENT OF TRANSPORTATION (the "State") and the
NATIONAL WEATHER SERVICE, acting by and through its Office of
Hydrology (the "WEATHER SERVICE").

I. RECITALS

1. The State is empowered by Arizona Revised Statutes
Section 28-108 to enter into this agreement and has by
resolution, a copy of which is attached hereto and made a part
hereof, resolved to enter into this agreement and has delegated
to the undersigned the authority to execute this agreement on
behalf of the State.

2, The Weather Service is empowered by 15 United States
Code 313 and 1525 to enter into this agreement and has
authorized the undersigned to execute this agreement on behalf
of the Weather Service.

3. The State desires to participate in a research study
sponsored by the U.S. Department of Commerce, National Oceanic
and Atmospheric Administration, National Weather Service
entitled "Semi~Arid Precipitation Frequency Study". This study
will provide the basic information required to determine the
characteristics of the standard storm. The information will
provide the State basic flood design information for bridge,
highway and culvert sizing. A detailed Weather Service
problem/research objective (Revised Feb 1991) is attached. The
study, hereinafter referred to as the Project, is estimated to
cost approximately $558,850.

THEREFORE, in consideration of the mutuazl agreements expressed
herein, it is agreed as follows:
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IT. SCOPE OF WORK
1. The Weather Service will:

a. Coordinate with other participants and accomplish
the Project.

b. Provide the State with copies of progress reports
and such other zrelated documents as are available and
appropriate, and a written final report.

c. Invoice the S5tate quarterly for its portion of the
Project costs, in a total amount not to exceed $180,000.00.

2. The State will:

a. Coordinate and serve as lead agency with
participating Arizona counties and other western states.

b. Participate in the Project to the extent that its
costs do not exceed $180,000.00.

c. Reimburse the Weather Service within thirty {(30)
days after receipt and approval of invoices.

I1¥. MISCELLANEQOUS PROVISIONS

1. This agreement shall remain in force and effect until
completion of said Project; provided, however, that this
agreement may be cancelled at any time prior to the
commencement of the Project, upon thirty (30) days written
notice to the other party.

2. Thig agreement shall become effective upon filing with
the Arizona Secretary of State.

3. This agreement may be cancelled in accordance with
Arizona Revised Statutes Section 38-511 as regards conilicts of

interest.

4. The provisions of Arizona Revised Statutes Section
35-214 pertaining to audit are applicable to this contract.

5. The Weather Service shall provide a claims process
acceptable to the Weather Service and the State, and shall
process any and all claims through said process. Said claims
process shall include a provision for arbitration.
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6. All npotices or demands upon any party to this
agreement shall be in writing and shall be delivered in person

or sent by mail addressed as follows:

Arizona Department of Transportationm

Joint Project Administration

205 South 17 Avenue, Mail Drop 616E Room 222E
Phoenix, AZ 85007

U.S., Department of Commerce

National Weather Service

Chief, Weather Service Hydrometeorological Branch
Silver Spring, MD 20910

7. Attached hereto and incorporated herein is a copy of
the written determination of each party's legal counsel that
the parties are authorized under the laws of this state to
enter into this agreement and that the agreement is in proper

form.

IN WITNESS WHEREOF, the parties have executed this agreement
the day and year first above written.

UNITED STATES OF AMERICA STATE OF ARIZONA

National Weather Service Department of Transportation
//’5",117 Tor —-/:’ N (/ /A“ ’)) /.r:

By-;“g>¢w(;gwwﬂﬁﬁ£w{{y;q,,~ By ﬁb%b4 ¢ U(:Léé/
DR. MICHAEL D. HUDLOW HARRY A.}REED, Director
Director, O0ffice of Hydrology Transportation Planning
National Weather Service Division

38173
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ESOLUTION

-

BE IT RESOLVED on this 18th day of Junme 1991, that I, JAMES 5.
CREEDON, as Acting Director of the Arizona Department of
Transportation, have determined that it is in the best
interests of the State of Arizona that the Department of
Transportation, acting by and through the Highways Division, to
enter into an agreement with the United States of America,
Department of Commerce, National Weather Service for the
purpose of defining responsibility to participate in a
semi—arid precipitation study.

Therefore, authorization is hereby pgranted to draft gaid
agreements which, upon completion, shall be submitted for
approval and execution by the Deputy State Engineer.

JAMES S. CREEDON
Acting Director
Arizona Department of
Transportation

1203372



JPA 91-~77

DETERMINATION

Arizona Contract No. JPA 91-77, which is an agreement between
public agencies; to wit; the STATE OF ARIZONA, DEPARTMENT “OF
TRANSPORTATION, TRANSPORTATION PLANNING DPIVISION, and the UNITED
STATES OF AMERICA, DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
has been reviewed by the undersigned attorney for the United States
who hag determined that it ig in the proper form and within the
powers and authority granted to the United States.

No opinion is expressed as to the authority of the State of Arizoma
to enter into said agreement.

DATED this ggff & day of !nﬁécéuA sl y 1991,

£

THE UNITED STATES OF AMERICA

.
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Attorney Beneral
1275 WEST WASHINGTON

Phoenix, Arizona 83007
REREHCGREE

-

INTERGOVERNMENTAL AGREEMENT

DETERMINATION

A, G. Contract No. KR91-1430TRD , an agreement

between public agencies, has been reviewed pursuant to
A.R.S. § 11-952, as amended, by the undersigned Assistant
Attorney General who has determined that it is in the proper
form and is within the powers and authority granted to the
State of Arizona.

No opinion is expressed as to the authority of the
remaining parties, other than the State or its agencies, to

enter into said agreement

DATED this { day of Qoﬁ@‘% 1991.

GRANT WOODS
Attorney General

JAMES R. REDPATH G(é
neral

Assistant Attorney
Transportation Section

7005G/102



RESQLUTION

BE IT RESOLVED on this 18th day of June 1991, that I, JAMES S.
CREEDON, as Acting Director of the Arizona Department of
Transportation, have determined that it is in the best
interests of the GState of Arizonma that the Department of
Transportation, acting by and through the Highways Division, to
enter into an agreement with the United States of America,
Department of Commerce, National Weather Service for the
purpose of defining responsibility to participate in a
semi-arid precipitation study.

Therefore, authorization is hereby granted to draft said
agreements which, wupon completion, shall be submitted for
approval and execution by the Deputy State Engineer.

/,#3 . ye, CQ«LAM¢”Z°&—L,)

JAMES S. CREEDON
Acting Director
Arizona Department of
Iransportation

12033/2



Jpa 91-77

DETERMINATION

Arizona Contract No. JPA 91-77, which is an agreement between
public agencies; to wit; the STATE OF ARIZONA, DEPARTMENT ~OF
TRANSPORTATION, TRANSPORTATION PLANNING DIVISION, and the UNITED
STATES OF AMERICA, DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
has been reviewed by the undersigned attorney for the United States
who has determined that it is in the proper form and within the
powers and authority granted to the United States.

No opinion is expressed as to the authority of the State of Arizona
to enter into said agreement.

DATED this __<=/ 7 _ day of A sunw 7, 1991,

THE UNITED STATES OF AMERICA

By b l ,f. SNV & ey

19793



Attorney BGeneral
1275 WEST WASHINGTON

Fhoenix, Arizona 83007

Robr B Gt hin

INTERGOVZRNMENTAL AGREZMENT

DETERMINATION

A. G. Contract No. KR91- 1430TRD , an acreenent

between public agencies, has been reviewed pursuant to

A.R.5. § 11-952, as amended, by the undersigned Ass:ist

v
¢

Attorney General who has determined that it is in the proper
form and is within the powers ancé authority grantec to the

State of Arizona.
No opinion is expressed as o the authority of the

remaining parties, other than the State or its agencies,
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GRANT WOODS
Attornev Ganeral
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SEMI-ARID PRECIPITATION FREQUENCY STUDY

Unsolicited Proposal
for the States of
Arizona, Utah, Nevada and New Mexico

Juiv 1990
(Revised Februarv 1991)

WATER MANAGEMENT INFORMATION DIVISION
OFFICE OF HYDROLOGY
NATIONAL WEATHER SERVICE
SILVER SPRING, MARYLAND



SEMI-ARID PRECIPITATION FREQUENCY STUDY

I. PROBLEM STATEMENT -

Current precipitation frequency data as represented in NOAA Atlas 2 (1973) for the 11
WESLErn states has been questioned in a number of areas. The National Weather
Service (NWS) intends to review available data from all sources (Federal, State, local,
and private}, consider current statistical practice and techniques, and provide an
updated report covering the semi-arid states of Arizona, Nevada, New Mexico, Utah,
southeastern California, and western Texas. The product would be available as an atlas
and in digitized format for ease in hydrologic applications.

NOAA Atlas 2 was based on available data through the mid- to late 1960's. The
period of record for hourly data was relatively short. Only 73 recerding raingages for
all 11 western states had records of more than 30 years. Regression techniques
developed for these studies required extensive manual calculation of data. Relations for
durations less than 6 hours were not well founded and durations Jonger than 24 hours
are not available. Depth-area and depth-duration relations were based on studies for
other paris of the country. A lack of dama did not aliow for exiensive studies of the
relation berween terrain and precipitation. These are all topics that will be addressed
in the proposed NWS study.

The NWS has a long history of experisnce and expertise in precipitation-frecuency
analyses and in this studv intends 10 add 1o this backeround by inciuding studies of :ha
fundamenial distritutions and fiting procedurss used in the past as well as rhose

.
currently avaiiable. It is imporan: w0 consider state of the art tecnnigues in a s

what will receive nationwide arention and appiication.  An adjunct 10 ihe stdv wili be
e invoivement of an Indspenden: Advisory Group o review all aspects of the

proposed siudy. The adviscry team will be drawn from the orivae and Dublic serias

anc ncohags ayarologicel stansucal. and warer TESQUrCes cI1scipinss.
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from 5 minutes w0 10 ¢avs for 2 1o 100 vears. The study results will be pubiished as
NWS report and made available also as a digital file.
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The research will review and pracess all available rainfall data for the homooeneous
region of Arizona. Nevada, New N ' heastern California, and western
Texas and utilize accepiad sintistical - s recognized that the rainfall daw 2s
archived by the National Climatic Data Center (NCDC) may not be adzcuate 10
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accomplish the objectives of this research. Therefore, local, State, and Federal
networks that are not compiled by the NCDC, will be added to the NCDC data to
define frequency relations, local variations, as well as to provide details with regard to
depth-area, depth-duration variations, seasonal and terrain relations.

New statistical techniques for the development of frequency distributions and objective
spatial analysis developed over the past 30 years will be evaluated and used for the new
frequency relations. The extensive adoption of automated procedures by hydrologists,
engineers, and others requires that the results of these efforts be made available in a
machine compatible format. Therefore, an additional effort will be directed at
producing a digital file that is adaptable to most users.

III. BACKGROUND

The first national precipitation-frequency atlas for durations up to 24 hours for the
contiguous United States was prepared by Yarnell in 1935. Subsequently, this work was
updated by the National Weather Service beginning in the 1950’s. Currently, the NWS
has ten reports which provide the standards for precipitation-frequency relations for the
30 states, Puerto Rico, and the Virgin Islands for durations from $ minutes to 10 davs.
For some of these reports additional data has been collected for another 30 vears.

The NWS recognized the nesd to review thess publications. About two vears ago the
NWS began a pilot study of the precipitation-frequency relations in Pennsyivania and
West Virginia with funding from the Soil Conservation Service. Some preliminarv
results are now available. The best available exireme-vaiue disiribution for precipiration
up to the 1970's was the Gumbe] exireme-vaive distribution using a2 Weibull fiting
formula. Recen: swtistical advances have brought new technigueas to test daw and

frequency distriburions. as weli as crovided berer fiming techpigues. The preiiminan
esults from Pennsyivania znd Wes: Vircinia using these technigues indizais thar the
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IV. WORK PLAN:

The review and revision of precipitation frequency information in the semi-arid
southwestern states of Arizona, Nevada, New Mexico, Utah, southeastern California,
and western Texas involves the following specific tasks. Some of the tasks need 1o be
worked in sequence because of dependence on results from earlier tasks, sbme can be
considered concurrently. The time table included at the end of the task descriptions
(page 13) provides an indication of how the tasks will be managed. A brief discussion
of the budget is presented in Section VIII, followed by a breakdown of costs according
to the varjous tasks and other charges.

TASK 1
a) Data Collection b) Qualitv Control

A. Background

Some 20 years or more of data have accumulated since the completion of
NOAA Atlas 2. In addition many stations that were not considered in that
publication because of short records, now have as much as 30-40 vears of useful
records available. Furthermore, unknown quantities of supplemenial data exist
as a result of nerworks and stations maintained by Federal, State, county and
private agencies, and not archived in NCDC. The attempt will be made 10
obtain the precipitation da:a from the northern portions of Soncra, Mexico

B. Analyses

Both daiiv and hourly data will be _

wilj be colizcted for use in shor:-duration reiations. as well as other data of

1 hour or less collected bv the NWS ¢r within special nerworks. Becouse of
interest in times of special fiooding as well as a naed for maximum vaives, she
dawa will be serred by menth

anl Crng It 008iner 1o a consisien: Sota pase. O IS &nc. us
Of the knowizdee and cagapuItes of s C.’IH’ES‘IC}IOE‘.SIS 0 C&ISTININE Whot

information exisis and now anZ ‘rom whom i mav be omained.

a e s . . . . N oo . T
Al UIEINDT WU 0E miads 0 getermins the quantiny Qi reevant gaia avavapie
e a

Darabase will be organized into thres oroups:

1) NWS precipitation gages (recording and non recording) used in NOAA
Atles I and these that could be emploved in this anajvsis,

[VF]



2) non-N'WS precipitation gages and records not used in NOAA Atlas 2 that

have data of sufficient length to test the old maps and to use in a new analysis,
and

3) precipitation gages (both NWS and non-NWS) with records too short (less
than 15 vears afier 1970) 1o evaluate return periods, but which could be
emploved in the analysis of events of interest, and eventually will have archived
data for future analyses,

Seasonal distribution of precipitation for all durations will be examined. This
requires careful attention to the definition of seasons in the semi-arid region of
the Southwest. Quite likely the traditional definition of seasons (surnmer,
winter, fall, spring) may not be applicable. In the Southwest it may be more
appropriate to define a monsoonal season, rather than a summer or warm
season. The seasonal definition may also be different for various sections
within the region.

The seasonal definition probably varies as a function of the duration of the
€vents being investigated. For e¢xample short-duration convective storms of

& hours or less most likely occur most frequently from May through Ocicber.
However, storms with a duration of 10 davs or more most likely occur from
Ociober through April. Thus, there may be some overiap of months depending
upon the duration of the storms being investigated. Delineation of $22s0n musk
be accomplished early during the daia processing period to ensure tha: the dasa
to be used in the irequency analvsis s properly archived in the peginning

These decisions will be mads In concert with the N'WS. Siare Climarciccisis,
siate parucipanis, and the Independan: Advisany Grown

Of consizergole LApeTiance 18 the peed for aualny conre!l of the COh&riss oo,

Procedures will be apoiisd o the Juigmarec routne usad n orocessing
™

Gais natl will search 107 unusua; exiremes and a0L2 20N Tussinr
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C. Product

A data base of all-available precipitation data for stations in the semi-arid
southwestern states and the immediate surroundings will be created by this task.

TASK 2 )
Frequencyv Distribution/Fittine Studies

A. Background

The NWS has provided many studies of precipitation frequency over a period
of some 35 years, and almost all these studies have been based on the Gumbel
distribution (Fisher-Tippett Type I} fitted by the Gumbel fitting procedure
(Weibull Plotting positions), Through the last 20-30 years, much research has
described other statistical distributions and fiting techniques, each with an
application to a particular type of data or Jocation.

B. Analysis

It is imporiant that in a major review, such as proposed herein, consideration
be given 1o these recent developments, and an atiempt made 1o Incorporate
any improvements that are rezl and can be supported. This task will select
from the extensive literature those distributions and fitting procedures that
appear most applicable. Some of these are the Generalized Extrems Value
(GEV), the Pearson III, Genszralized Log-Normal, the Gamma, the Gensraliza
Parero, Generalizad Logistic distributions. and the L-momen:, mzthod of
moments. and other Hiing procedures. as examples. Tests and COmBarisens
will be made 10 eveluate the application of each 10 the daw from the region ot
study.,

Results from a pilot study 10 update the pracit \
ennsyivania-West Virginia arsz have provided much insight into recen:
statistical techniques and manyv of the prodiems hat can be expeciad in o siudy
of the precipitation-iregquency reintions for 2 raoi s
conciusions are: 1) probiems in tha reduction of data have besn recocpized
and improved software wilj be ceveioped for future work: and 1) the pew
statistical techniques provide improved wavs of handling cutliers in the daia:
3) procsdurss for the quality control of precipitation data have been jdentifisc:
4) L-moment statsiics, which is an evolution of probability-weighted momean:s,
will be uvsed for future fregquency studies; 5) technigues for selecting the
frequency distribution which best fits the dara for an area have besn ievelopad
and tesizd using L-moment statistics and other lechniques.
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This task will draw on the expertise of the Independent Advisory Group, State
Climatologist, and state participants to guide the NWS toward the best solution
in this area. Thought needs to be given to the benefits/drawbacks involved in
solutions that result in regional variations between selected distributions and
fitting procedures. This consideration Imay require sample tests he made in
other regions outside the southwest. In the event different distributions are
accepted, a discussion of boundary differences will be needed. Inter-regional
consistency is important, but sometimes this can be mitigated by judicious
choice of regional boundaries (e.g., consistent with major drainage limits).

C. Product

The outcome of this task will be the selection of a frequency distribution and
fitting technique best suited 1 the precipitation data to be used in this study
region,

TASK 3
Short-Duration Relations

A. Background

Short-duration information (durations of less than 1 hour) is valuable in the
lesign for small-area Structures, such as, drains, culverrs, collections, and other
similar hvdraulic strucrures, Presenmilv, NOAA Atlas 2 provides ratios adapred
from a national average for durations of jess than 1 hour. Other preliminary
work Dy Frederick and Miller (1979) and Arkell and Richards (1986) shows :hat
ihe ratio of rainfall less than 1 hour is different in the Wes: from tha: in the
zast (Frederick er al, 1977} and that thase ratos likelv svan inroughout tha

Weas:

B. Anaivsis

-9
£}
o
[®]
ot |
s

TS necessany 1o develop reiztions berween 1 hour anc spcrier do
are avaiiabie for this anaivsis. | a
$ avaiadiz from Fischer-Porter canes
as part of the natonal nemwork maintained by the NWS; 2} special shore-
duration daia from NWS first-order weather siations for Intensa storms;

haca
;l\—fjh

Lniv imired cuntizec co:

{

3) break-poin: daia from special dense raingage nerworks maintained by the
. ]

Agriay ce: and 4} shori-duration data ceztured and archived
Dy a varieny of other Federa] agencies, and local and s:ate governmen:s.

When anaivzing these daia we mus: be careful 10 maintain the spatial conunuity
of the meizorology of the daw sets. For example, caw from 2ast of (he
Rockies will be useful for thess regions east of the Rockiss, bur would orobaliy



not be applicable to areas west of the Rockies. The major reasons for this are
the difference in the moisture sources and the types of weather associated with
the event. These homogeneous regions must be defined in the early part of the
analysis. Special attention will also be paid to urban areas, if sufficienr data
exists, to determine if there are any differences in the intensity of rainfall in the
downstorm direction. ) '

Many of the storms will be due to convective activity. Another natural
stratification of the data will be to determine if there are any differences in the
temporal distribution of precipitation with height.

C. Product

The final products of these studies will be ratios or maps of ratios that can be
applied to the I-hour duration data to determine the frequency distribution of
durations of less than 1 hour.

TASK 4
a) Algorithm/Darta Piot (Algorithm Development/Anplication)

A. Backeground

For frequency calculations, not al) portons of the semi-arid southwes: are
adequately represenied by data. Therefore, it is imporiant 1o develop
algorithms or relations that are based on data-rich areas to be used In data-
Door areas.

B. Aralysis

Previous studies show that tn2 zeccranhical distribution o
M

significantly throughout the FEZICn. AN objecuve technjoue js naeded
aliow the anaivst or ihe COmBuIsl ¢ provids o consisten: ruje in
Investigation of Srecipiiation-izrrain reiations will pe made in daiz-ric
Cevelop algerithms for use in shose Tezicns where there are fuie or -
A series of wopograshic andior mezisoroiogical variables ars ofien
apply in such studies. These couvid inciude distance rom moisture sources,
seascnality, slope, alevation, height above an aroirary level disiznce from a
barrier, etc., as examples. Other data that will be investigated are satsiiite
climaiologies providing added definitions about the distribution of oracipiaticn
and thunderstorms in data-poor regions,




This task will be coordinated with both the State Climatologists for their
knowledge of local variations and anomalies, and the Independent Advisory
Group for their experience and recommendations.

C. Product <

The most important product in this task is the set of precipitation-terrain
relations that apply in data-sparse regions.

b) Erequency Calculations and ¢} Alsorithm Calculations

A. Background

Once the data base has been established in task number 1, and the various
relations determined as in tasks number 2 to 4, the data will be processed to
obrain various outputs.

B. Analvsis

Precipitation frequency values for durations berween 5 minutas and 10 days at
rewurn periods between 2 and 100 years will be calculated for all stations within
and surrounding the semi-arid region. Results will be obtained both monthly
and on a maximum annual basis. Considerarion will be given in the digial
process o establish routines that will allow bi-monthly or weeklv products, if
needed, 10 be computed. However these decisions mus: be made in tne
beginning, so data-processing costs o Not b2come 100 exoensive,

The results will b examined for incorsisiancies. =rors. o melzoroiogical
unreasonaodlensss. An fmporant part of the study is o orovide information
I makas sense and can pe supporied by matecrological exzerience and
tazory. Local judemen: will e jnciudad befors these recuiss arz confimmed.
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d) Final Adjustments (Freauency Relation)

A. Background

After all the frequency values are calculated, the spatial analysis df these values
will begin. Algorithms will be used to deveiop relations between the
precipitation frequency data and the underlying terrain. Further smoothing will
be provided by regionalization of the frequency relations. This ensures that the
frequency relations within a region are homogeneous and account for any
unusual singular points in the data set and the underiying terrain.

B. Analysis

For selected durations and return periods (e.g., 2-vr 1-hr, 2-yr 24-hr, 2-7 10-day
and comparable 100-vr values), the calculated frequency values will be plotted
and an objective spatial analysis program will be used to analyze the resuits,
These analyses will be reviewed for internal consistency, known local effects,
meteorological reasonableness, and to develop any supplemental hard copy
analyses. The objective sparial analysis program will regionalize the data,
providing a smoother final anaiysis that will account for the underlying terrain.

Seasonal relations can be deveioped for selected frequency/return periods either
by month or by mid-season month, or seasonal average. Tesis will be made 10
provide comparative information that will allow the best relation 1o b2 chosen.
Comparisons will also be made 0 other indices, such as runoif.

The procuct from these studiss will be o ses Cl Ifzouency maops ot least Tor the
annual maimum craciziiodor for dursrioag crozabiv trom 1 hour o 10 dane
IO VAIIOUS return freguencies uo i 10U veurs. hese frequensy mazs wil
STovide the cziail of the sffacis or termain, Relasions wii oo givern oor2izie ihc
I-nouT Catu o smoller Zurations for cenetal stomme and QUNET C §21 O mans o
reiauons in taple rorm will pe gwven 10 relziz ing annual moximum vaives 1o

S€as0Ns. A8 DOt Q7 ihis 1ask -2 Mgnes o ore

determine if aliernate methods of preseniaiion o ) $
possibie. Final decisions will be made afier consulting with the Indepancan:

Advisory Group. the State Climatologists. and the siates involved wi
Droject.
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TASK §
Spatial/Temnoral Relations (Depth-Duration and Denth-Area Studies)

A. Background

These studies will be divided into two parts. The first part will examine depth-
durations or mass curves for durations of 1 hour or less and depth-area curves
for area sizes of 100 miles® or less. Such relations provide information for use
over small areas and for short durations, and concenirate on iocal
thunderstorms. The focus of the second part of the study will be on depth-
duraticn curves from 1 hour through 10 days, and the depth-area results will
explore areas of 500 miles? or greater. These results will give details about the
longer duration and more generalized storms. This data base will develop
information from convective storms, tropical storms and general storms.

B. Analvsis

The depth-duration studies for small-area storms will concentrate on convective
storms to identify the maximum intensity of rainfall in periods of 1 hour or less.
A family of meteorologically consistent mass curves will be prepared. The data
base will contain rainfall for periods of less than 1 hour. Arkell and Richards
{1986) and Frederick and Miller (1979) have shown that there are different
subregions within the area. As a result, special attennon must be paid 10

efine the homogenous subregions. [f sufficient data exisis. urban areas will be
examined o detzrmine if there are any differences in the imtensity of rainiali
downstorm of the citv.  Another natural stratification of the daw will be 10
eter:nine if 1 ere are any differences in the 1emporeal cisiribution of

In addinicn i shor-duraiicn. smoke-aren TRIANCnS. IS IMIZINODT N2 o2
duration a2nd daoin-orgs curoes o2 ssiablished {or durzucon o Lohour o i
davs. and icr arzas grzaler han “OO miles-. The daiz bosz for this anabvsis will
be derived from the exireme sven:s identfied in the cata procsssing procsdure.
This will include dama Irom the I\WS national nerwerk. and daia tom he
varipus cense raingage nemworks and the inéividual stations of varicus Fedaral,
siate. locai and priv
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The depth-duration or temporal analysis of the data will follow the scheme
developed by Huff (1967) and Huff and Vogel (1976) which identifies families
of mass curves. These families of curves provides a range of meteorologically
possible non-dimensional mass curves, showing the median and the extreme
possible mass curves that can occur. Durations for this analysis will range from
1 hour up to 10 days. Consequently, a series of non-dimensional mass curves
will be assembled that will encompass this wide variation of durations. The
analysis will provide extreme point estimates and consider areal-averaged mass
curves. For this semi-arid area of the United States there will be differences
berween convective storms and general storms, the data will be stratified 1o
identify these differences. It will also be necessary 1o identify any regional
variations and differences with elevation.

C. Products

The final products of these small-area, short-duration studies will be relations
that can be plotted and smoothed for use in small-area design problems.

Area-depth curves will also be derived for areas greater than 500 miles®. If
possible, a family of curves will be developed to show the extreme area-depths
that are possible. These curves will be stratified by duration and area size 1o
maximize the utility for design purposes. A smoothed set of curves will also be
generated for gensralized resulis. Regional and elevation variations will be
identified, and curves will be generated 10 distinguish benween general siorms.
wopical siorms and convective storms where such siratifications are possibie and
newzorologically reasonabis.

1

COGMIES O IOass turves and area-gamin curve 5
h
- . P . . . . P . . . .
2 [nCuon of the durauon and area size. If the dama peromiis, the ann

v

1 also pe dispiaved by storm npe and

IR
[7e}

%

[p]
L
f
@
o
O
3

O
P o Tienl T amew
raniEs gy Avtpe o B Dpeleepa s Timal Qanyg
LIS STUCY Wil Troduce oonnnl recort that witl oe mublished ipoopne of the
- . - . . v B - .- - . A
NOAA series with initial distribuiion acoording o i einpesd oy

5 a
e NWS and the partcipants. Further distwribution will be mad
and from a resamve g ;

3
1
b
tJ

port will contain cetatled discussion of the dawe and orocedurss used o
obrain precipitation {requency vaives ajong with backeround and informetion

about siudies made 10 arrive at thase conciusions. Maps of analyzed results

-
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will be provided along with graphical relations needed to obtain intermediate
values. Seasonal variation, depth-area distribution, and the temporal
distribution of rainfall in extreme storms will be discussed, and graphs and
figures appropriate to defining these results for the region will be given.

In addition, and unique to this study, a digital file will be created so that the
results at any location in the region and the data bases can be obtained. It is
intended that the digital file will be a practical solution to most field users
needs, particularly those who make continual reference to these data, or wish to
incorporate these results into some larger computational routine,

Note: The digital file will be in the GIS form.

-
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V.

REPORTS AND MEETINGS

A, Reports

During the course of this study, progress reports will be provided by the
contractor on a quarterly basis. These reports will include brief
summaries of studies under development, comments on conclusions
reached, problems encountered and changes that may be necessitated in
the initial schedule of work. The progress reports (working summaries of
the tasks) will be prepared and submitted to all participants and advisors
prior to each meeting,

A draft documnent of the entire study will be prepared by the contractor
for review by the various identified parties, as well as selected outside
interestis. Comments from this review will be acied upon 10 form the final
report.

B. Meetings

A schedule of meetings has been propesed that calls for general meetings
to include all participants and for progress meztings that apply w0 moere
limited interests. It is proposed that general eztings be hald in the
study region, 1) at the onset of the project, 2) afier the first vear. and

3) during the writing of the draft repor. The progress meetings will be
held at approximately six-month intenvais. These meetines will be held at
either a fixed site or on a roiating site basis within the region. Al these
meegungs the contracior will mesat with the saze representatives and

oiners, as aDDTODIIAate. 10 CISCUSS ing Trorrass of the STUGY &nc Jonsicar

SIDLATIV, Drograss raviaw meatines Wil ne heisd -0 F ashinmgien, 20C sor
sedarti snonsors
- aza v - - . - R o T LR N T T S S, .,y —ryare 0 [
L D@ m22une sghecuir hos neen ingiucas TE o2 olohie Tooe 4 oo
-'r"!:—'-f-l:ml.nc Mo mmsemg ey o fremem v LA ATTE AT DT b e e e
SDETIINIES TN T2ETBIUN 2 UTOUTE DYTAsTEs t o ootaee
SUPPORT GROUPS
A. Local Hyvdroloric Reorasemiaiiy =g
oy -~ - [y - e —— ™ r oy ] - P . ..
state. county and other ¢ffices orovidiae Snancial suppor: 10 s siud
1 . - - - -
will be recresented at all t2chnical me=tines cali=d by the con: acior
. o ; <
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o Attend all meetings called to discuss or review the precipitation
frequency study.

o Provide their individual state DOT officials with updated status reports
on progress of study. .

0 Bring to various meetings comments, questions, or information from
their individual state DOT offices regarding this study.

o Be able to technically understand the procedures and processes being
applied in the study, as well as the methods used 10 evaluate different
results.

0 Assist in the review of the various products and add local knowledge 1o
these products.

B. State Climatologists

Official NWS-type data will be obtained through information availabie at
the NCDC in Asheville, North Carolina. Since da:a collzction and quality
control of the data is an imporiant part of this studv; it is anticipatad that
it will be nacessary 0 include state ciimatologists from the major staies
being studies in our mestings. It mav also be useful o inciuda
represeniauve(s) from the Western Region Climaie Cenier 10 these
meeungs 2s well. The role of these individuals will be 10 aid in colieciing

d4nd OrfamiIinlf €0 rDm SUMEerous noivaie. iccal, ond siae DIDWErEs mor

.o . .. . . . . .
Eriist s o e A e el e asC iy ma e ey
WIS TNETE ore no Tounne coliecuon and SLOT2ESING CAMIATS. NCTzE
. N P . . . - P e
ade LS~ ™LA Ty - v h = N - el I 1 ar b Bl ol = fan i i 1 - il IF= N =Y Bl
03VE DeIn S8t asice i tn2 budeer 0 OISET 58S O otnese 2iiomis
e P Tlriae S orhic remn eeloeos
Responsibilizies in this oraa incivde:
~ TTT@ . irverira A e IO S oA e 1 e e T ) e T e e e Ty e
G DUTVEN, ISCOts, ooieri, ool gonco- 2 EVINADIn 1CTISWI2ITn orerininninn
P [, mherem A ST alal WOV comrimme ggeeimin e oo
S22 TCOT souTIay Qinmer hon official NWS siznions wlthin cheis e
G2 TOVIES w0t FRoran e niiglinn crmenml se o e e e v _
o TTOVTIE s Jeoras oo SR TUNITS, I LawiiniTEnT on o ovant RN
P A S B v
Lwitioudd 82l souroes
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G ~Allznd meeunos cailed o discuss this study
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0 Review draft products and input knowledge of local features in their
area.

C. Independent Advisory Group

In order to assure that the smay is using the most up-1o-date technologies,
it is recommended that an independent advisory group be appointed to
review all aspects of the technical I approach proposed for this study. The
independent advisory group should be composed of individuals
representing the various major concerns used ig the study, e.g., hydrology,
statistics, and metecrology/cl imatology. Three to four experts in these
fields will be selected by the contractor to comprise the group with the
following responsrbmnes

0 Attend all meetings called to discuss the precipitation frequency study.
Contractor wiil interact with advisory group throughout the course of
study to determine strategies, preferred approaches, and confirm
results.

O Provide their individual technical expertise with regard 10 aspecis of the
study 10 assure a proper course of action,

0 FParticipate as a reviewer of draft Teport at compietion of this stags of
stugv.

VIL. PROGRAM VI MANAGENENT

Mz, John Vogel Chjsf of the Hivdromereoroiogical Sranch of the Water Managemen:
information Division (WMID), Of=e of I—{uc*oxo - Nationzi Weather Service. will be
e Trogram manager ‘o this sty Moo Viogsd and M. Mershall Hanser, Division
Chiel of WMID. will be responsivie o muiding 2l tecanicai 2Foms oF che NWS ez
Tnis teem is responsibie for SCmpiznion of the :rz;:,na:.‘ end Ioal repors and for
calling all mestngs. M- Vagalis formper TE5T0NSIie IO eniSTng 1n2 membars oo cas
incdependen: Advisory Groun,

VIIL BUDGEZT STATEMENT

The wo1al cost of this 3-vear project is $538.850. Commitments nave zireadv besn
Ob:ained from the Coros of ginge: 'S c Soi
Conservation Senvice), FEMA, and the Nationa Weather Service 10 finance the Faderal
poruon of this work., Additional Feneany commithents are being sought and ars

(91
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expected to be forthcoming. In all, it is anticipated that the costs will be shared almost
equally between Federal and state funds.

Tasks 1 through 6 have been divided to show the personnel and computer-related
charges. These total $376,900. Miscellaneous charges include 2 special allocation to
the Laboratory of Climatology at Arizona State University to develop data~bases for
many of the special networks of precipitation data in Arizona and in Sonora, Mexico;
charges by state climatologists to develop other precipitation data bases within their
states; and the consulting fees and travel for the Independen: Advisory Group. Other
charges include the supplies, data acquisition charges, publication charges, and travel.
The travel charges are further divided to show the anticipated travel costs and the total
number of trips for the state representatives, state climatologists, and the National
Weather Service. Most of the travel will be for attendances at the semi-annual
progress meetings. At these meetings the various groups will be providing advice and
input 10 the National Weather Service for the semi-arid region frequency study. It is
anticipated that these meetings will last 1 to 2 days. Some of the meetings may be
longer; especially at the beginning of the project, when many decisions need 1o be
made, and at the end of the project, when final products and the final report are being
prepared and discussed.

This proposal applies primarily to the states of Arnzona, Nevada, New Mexico, and
Utah. Although Arizona appears prepared to injtiate the funding for this study, it is
expected the remaining states will provide funds in subseguent vears.

[ 5}
5]
T
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NATIONAL WEATHER SERVICE
SEMI-ARID PRECIPITATION FREQUENCY STUDY

DETAILED BUDGET ~
Computer Personne)
Tasks Personne] Charges  Total Months
1 a) Data Reduction $53,100 31,500 354,600 10.97
b) Quality Control $40,085 52,250 $42,335 8.21
2 Frequency Test $25,600 $500 $26,100 4.40
3 Short-Duration Relations $20,125 $500 $20,625 4.03
4 a) Algorithm/Data Piot $33,100 $2,000 $35,100 5.50
b) Frequency Calculations $35,750 31,000 $36,750 6.33
¢) Algorithm Calculation $25,440 $2,000 527,440 4.57
d) Final Adjusiments 324,435 3500 $24,935 4.14
5 -Spatial/Temp. Relations o 313,700 3500 $14,200 5.92
6 a) Atlas  §31,855 $31,855 574
b) PC Package $38,250 55,500 $43,750 6.67
¢) Final Report $35,460 5500 §35,960 6.59
376,900 393,650
Laboratory of Climatology,
ASU (12 months) $36.000
State Climatologist £30.000
ndependent Advisory Group
(copsulting & wravel) 12 wios S27.900
Travel (NWS) 21 trips 516.800
Travel-State Reps. & State
Ciimatoiogists 25 wips 522.500
Suppiies (NWS) 23.000
Data (NWS Obraining Cos:; £2,000
Publication (Report & Atlas) 520,000
31635,200
TOTAL 3376,900 516,750 §542; 100 6010
PROJECT TOTAL COST $338,850 '
19



